Introduction Inflammatory bowel disease (IBD) is a chronic autoinflammatory disease of the gastrointestinal tract with peak age of onset during adolescence and young adulthood. Adolescents and young adults (AYAs) with IBD experience higher depression rates compared with peers who are well or have other chronic conditions. Mindfulness-based interventions are of particular interest because of their potential to improve both the course of IBD and depression. Methods and analysis This study is a parallel design, single-blind, pilot randomised controlled trial (RCT) of mindfulness-based cognitive therapy (MBCT) in AYAs with IBD and depression. The trial aims to recruit 64 participants who will be randomly allocated to MBCT or treatment as usual. The primary outcome measure is the depression subscale score from the Depression, Anxiety and Stress Scale. Secondary outcomes include anxiety, stress, post-traumatic growth, IBD-related quality of life, illness knowledge, medication adherence, mindfulness, IBD activity, inflammatory markers, microbiome and brain neuroconnectivity changes. All outcomes other than neuroimaging will be collected at three time points: at baseline, at therapy completion and at 20 weeks. Neuroimaging will be conducted at baseline and at therapy completion. Mixed-effects linear and logistic regression modelling will be used to analyse continuous and dichotomous outcomes, respectively. Participants' experiences will be explored through focus groups, and thematic analysis will be used to generate relevant themes. Ethics and dissemination The protocol has been approved by the Mater Hospital Human Research Ethics Committee (HREC) and University of Queensland HREC. Trial findings will be published in peer-reviewed journals and will be presented at scientific conferences. trial registration number ACTRN12617000876392, U1111-1197-7370; Pre-results.
IntroduCtIon
Inflammatory bowel disease (IBD) is an immune-mediated condition characterised by chronic inflammation of the gastrointestinal tract and frequent extraintestinal symptoms. 1 2 The peak age of onset is between the ages of 15 and 29, thus interrupting a crucial developmental stage and impacting on relationships, education and employment opportunities. 3 Adolescents and young adults (AYAs) with IBD experience depression rates that are three times higher than those in the general population and higher than depression rates in youth with other chronic diseases with reported rates of current depression of up to 25%. [4] [5] [6] They frequently experience impaired health-related quality of life (QoL) and delayed social development compared with their peers. 5 
depression in Ibd
The relationship between depression and IBD is bidirectional in that IBD can both cause and exacerbate depression, while depression can precede the onset of IBD, as strengths and limitations of this study ► This study will be the first randomised controlled trial (RCT) of mindfulness-based cognitive therapy in adolescents and young adults with inflammatory bowel disease (IBD), a cohort with a peak age of IBD onset. ► Outcome measures will include psychological measures, as well as inflammatory markers, disease activity and neuroimaging, and will potentially contribute to explaining the mindfulness intervention mechanisms of action. ► The results from this study will be used to inform the design and sample size calculation of a future large RCT. ► The study will be run as a pilot RCT because variability in the effect sizes of mindfulness interventions and unknown effect size in this population make it difficult to estimate the sample size accurately. ► The pilot nature of the study will enable assessment of the intervention feasibility in this cohort.
Open access well as worsen its course and prognosis. A recent systematic review has shown that depression increases the risk of exacerbation and recurrence of symptoms of IBD. 7 There are a number of ways that depression and IBD interact, including common risk factors, decrease in treatment adherence and health-promoting behaviours, and shared underlying immune system abnormalities. 8 Despite the impact of depression on the course of IBD, research into treatments for depression in these patients has been sparse and limited by poor methodological quality. Antidepressant medications have shown promise in treating depression and anxiety associated with IBD as well as improving IBD symptoms, although further studies with better methodological quality are needed. 9 Psychosocial interventions with the most evidence include cognitive behavioural therapy, hypnosis and mindfulness-based interventions. 10 11 However, the evidence for psychological therapies in IBD has been mixed, with best results seen in improvement of depression and QoL and non-significant improvements seen in IBD symptoms and disease activity. 10 11 Mindfulness interventions and mindfulness-based cognitive therapy Mindfulness is a particular state of awareness described as 'paying attention in a particular way: on purpose, in the present moment and non-judgmentally'. 12 Mindfulness-based interventions are therapeutic interventions based on core mindfulness principles and containing various mindfulness practices. They have been proven effective in treating depression and anxiety in diverse clinical populations, including those with chronic illness. 13 14 Furthermore, by improving depression and anxiety, which are known predictors of treatment non-adherence and poor engagement, 15 mindfulness interventions can lead to improved treatment adherence, healthcare empowerment and improvement in the course of chronic illness.
Research has shown that mindfulness programmes are associated with changes in neural structure and function in brain regions important for improved emotional well-being (experience dependent neuroplasticity), 16 suggesting possible neural mechanisms for mindfulness-attenuating symptoms associated with mental health disorders. [17] [18] [19] A recent systematic review of the impact of mindfulness interventions on the immune system parameters indicated that mindfulness can also modify immune activity, with the authors concluding that 'mindfulness meditation may be salutogenic for immune system dynamics, but additional work is needed to examine these effects' (p. 1). 20 Accumulating evidence from mindfulness studies in IBD populations suggests that these interventions are associated with reduced depression and anxiety levels and improved QoL in individuals with IBD. 10 21 Mindfulness-based cognitive therapy (MBCT), an 8-week manualised group programme combining mindfulness with cognitive therapy and delivered in weekly sessions of 2 hours' duration, 22 has been shown to be effective for the treatment of depression, 23 as well as for the prevention of depressive relapse, 24 and has recently been modified for use in IBD. 25 Recent studies suggest that MBCT may be particularly helpful in individuals with significant baseline depressive symptoms, with a larger treatment effect in this cohort, and further reduction of depressive symptoms over time. 23 26 To date, there have been only a few published studies exploring the potential utility of mindfulness interventions in individuals with IBD and only one randomised controlled trial (RCT) of MBCT, conducted in adults with IBD, with the mean age of 49. This RCT reported a significant improvement in depression and trait anxiety and small, not statistically significant, improvements in IBD activity and QoL, 25 however, no biological markers were measured to detect potential changes in inflammation and brain function. To further investigate the effectiveness and feasibility of this novel therapy in young adult patients with IBD and to elucidate its mechanism of action, we will conduct a pilot RCT of MBCT and measure changes in psychological outcomes as well as inflammatory biomarkers and brain connectivity following the intervention.
Hypotheses

MBCT intervention will be feasible and acceptable as
indicated by sessions attendance, completion of home practices, recruitment and attrition rates, and participants' MBCT group experiences. 2. MBCT intervention will result in significantly improved depression scores post intervention. 3. MBCT will decrease anxiety, stress and maladaptive coping, and increase QoL, post-traumatic growth (PTG), mindfulness, medication adherence, self-efficacy, healthcare empowerment, illness knowledge and perceptions. 4. MBCT intervention will be associated with decreased inflammatory burden and improved microbiome. 5. MBCT will change the structural and functional connectivity in default mode network (medial prefrontal cortex and posterior cingulate cortex) and executive control network (dorsolateral prefrontal cortex and frontoparietal regions).
study aims
Using 64 volunteer individuals (aged [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] with IBD and depression, we will explore the feasibility and benefits of an IBD-focused, developmentally informed MBCT programme on depressive symptoms in AYAs living with IBD and comorbid depression. Secondary aims are to explore the potential benefits of the MBCT on additional outcomes, including ► Anxiety, stress, coping, QoL, PTG, mindfulness, medication adherence, self-efficacy, healthcare empowerment, and illness knowledge and perceptions. ► Biological markers of IBD.
► Brain structure and function using functional MRI (fMRI) performed on a subgroup of 16 intervention and 16 control subjects. Specific aims related to the pilot nature of the study are the following: ► To determine the feasibility of the mindfulness programme by measuring the participants' attendance, compliance with home mindfulness practices, recruitment and attrition rates, and MBCT group experiences. ► To adapt the MBCT intervention to young adult patients with IBD while measuring the intervention delivery fidelity. ► To use the findings to elucidate mindfulness mechanisms of action. ► To use data from this pilot RCT to inform the design and sample size calculation for a future large RCT.
MEtHods And AnAlysIs study design
This is a parallel design, single-blind, pilot RCT of an adapted MBCT programme for AYAs with IBD and depression versus treatment as usual (TAU). The design adheres to the Consolidated Standards of Reporting Trials (CONSORT) statement recommendations and CONSORT extensions for pilot trials. 27 28 We followed the Standard Protocol Items for Randomised Trials (SPIRIT) statement recommendations in writing the trial protocol. 29 30 The flow of the participants through the study is shown in figure 1.
recruitment strategies Participants will be recruited from the IBD outpatient services at Mater Young Adult Health Centre in Brisbane and surrounding IBD clinics via a specified referral pathway. Recruitment will be initiated during outpatient appointments, and those who are interested will meet with the research assistant who will explain the study in more detail, conduct the initial screening and obtain informed consent. Screening questionnaires will be made available in electronic and paper form, and email and text reminders will be used to minimise the burden to participants and facilitate recruitment. After participants consent, they will attend an interview to confirm the clinical diagnosis of depression and other inclusion criteria and ensure that there are no exclusion criteria to participation. The intake interview will be an unstructured clinical interview conducted by the principal investigator, who is a psychiatrist by training and who will assess whether participants meet the criteria for a major depressive disorder as defined by the Diagnostic and Statistical Manual of Mental Disorders. 31 Recruitment and enrolment will be conducted in groups of 16-24 participants with 8-12 participants per MBCT group, which will suit the clinical nature of the group and provide optimal support.
Participant selection
Since this is a study of MBCT in AYAs with IBD and depression, main eligibility criteria will include age, IBD diagnosis and depression diagnosis. Complete inclusion and exclusion criteria are listed in boxes 1 and 2. randomisation Randomisation will be conducted by an off-site statistician not involved in patient recruitment or assessment, using random allocation software, after participants have provided written consent. The statistician will be given de-identified patient details generated by a researcher not involved in the recruitment, assessment or treatment. The statistician will generate the allocation schedule using the software and return it to the same researcher who will then match the participants' codes to their details and reveal the allocation.
To ensure a balanced composition between groups in terms of age, gender and depression levels, stratified randomisation will be performed by user-written RALLOC module, 32 in the Stata statistical package. 33 Patients will be stratified by two categories for gender, age and depression scores. Within each stratum, patients will be allocated to MBCT or TAU. Because of limited resources, only 50% of the participants (n=32) will be randomly allocated to have neuroimaging (fMRIs) using the same statistical package. Participants will be recruited and allocated in groups of 16-24 participants in order to accommodate the clinical nature of the group and to provide sufficient numbers. Participants and those delivering the intervention will not be blinded due to the nature of the intervention; however, research personnel involved in assessing the outcomes and data analysis will be blinded.
Adapted MbCt Programme
The MBCT programme, which will be used in this trial, closely follows the original MBCT curriculum designed by Segal, Williams and Teasdale, 22 and consists of eight weekly sessions of approximately 2 hours' duration. The adaptations will introduce IBD-specific education about stress and 'gut-brain axis' and developmentally informed and IBD-adapted mindfulness practices. The programme will be delivered by an experienced mindfulness teacher who is a mental health clinician with teachers' level training in Mindfulness-based Stress Reduction and MBCT, and who has delivered several mindfulness courses and maintained personal practice for 5 years. Supervision during the study will be provided by a senior MBCT supervisor who is a founding member of the Mindfulness Training Institute of Australia. Fidelity of the delivered intervention will be appraised by assessing video recordings of the sessions by the study MBCT supervisor and discussing the adherence to session content and delivery in supervision. Feasibility of the programme will be assessed from sessions attendance, home practices completion rates, recruitment and attrition rates, and participants' MBCT group experiences, which will be explored through postintervention focus groups. We will conduct three focus groups with six Open access to eight participants in each group in keeping with recommendations for running a minimum of three to four groups to enable conducting across groups analysis of patterns and themes, 34 and recommended group size for clinical populations. Consecutive sampling will be used by inviting all participants who completed MBCT groups (five out of eight sessions as this is the accepted benchmark), via email and phone, until required numbers are recruited.
Participants will be given the adapted MBCT manual and a USB with guided mindfulness practices, and encouraged to engage in mindfulness practices for 45 min per day. They will be asked to record their home mindfulness practices daily in the home practice record form. data collection and analysis Participants will be asked to complete questionnaires and provide blood and stool samples at baseline (week 0), on completion of the 8-week therapy programme or TAU (week 8) and at 20 weeks after baseline. The data gained from the research will be stored in a reidentifiable format with linkage of the data to patient details only able to be performed by the study research assistant.
The research assistant will complete a screening and recruitment sheet with details of all patients approached regarding the study, enrolled and excluded at each stage of the recruitment process, and reasons for this. The MBCT group facilitator will complete weekly attendance sheets to enable the calculation of attendance and Open access attrition rates in the intervention group. These data will inform the recruitment strategies for a future large RCT. This is a repeated measures study, so mixed-effects linear regression modelling will be used to assess the effect of the intervention on continuous, approximately normally distributed outcome measures (depression, anxiety and stress scores, and inflammation levels). Stratification variables (gender, age group and baseline depression level) will be controlled for in the analyses. In addition, a logistic mixed-effects model will be used to assess the effect of the intervention on clinical remission (binary outcome, defined as Depression, Anxiety and Stress Scale [DASS] depression subscale score less than 10). We will conduct an intention-to-treat analysis as well as a per-protocol analysis. Finally, the proportions lost to follow-up will be reported and compared between groups.
In terms of the qualitative data, focus groups will be audio-recorded, transcribed and analysed using thematic analysis, a widely used and flexible qualitative research method for identification, analysis and reporting of key themes and patterns within the data. 35 An inductive thematic analysis approach will be used, as it fits our aim of exploring AYA experiences of the MBCT group and the novelty of the topic being investigated. The data will be analysed iteratively and inductively until coherent and distinct themes develop, and thematic saturation is achieved, as indicated by no new codes and themes emerging.
safety considerations
There have been no reports of significant adverse side effects of MBCT in literature with a recent meta-analysis that canvassed all completed MBCT studies for adverse events, confirming that no MBCT-related adverse events were reported. 26 Safety reporting will be done in keeping with Good Clinical Practice guidelines, including the reporting of all adverse events and serious adverse events (SAEs), both related and unrelated to the study, throughout the study duration. Participants will be screened and carefully selected for their suitability for the programme. They will be asked about any perceived adverse events, whether or not these may be related to the mindfulness intervention, and this information will be recorded in the trial database.
All SAEs will be reported within 24 hours to the Mater and University of Queensland (UQ) Human Research Ethics Committees (HRECs). All aspects of safety, recruitment and quality control of the data will be monitored by the Mater and UQ HRECs, and there will be no separate Data Safety and Monitoring Board involved. Participants will continue to receive standard medical and psychosocial care both during and after the conclusion of the trial.
sample size calculation Based on researcher experience, we expect 64 patients to be available to participate in the study, with a drop-out rate of 15%. This sample size provides 80% power to identify large (Cohen's D=0.8) effects. However, given the variability of the effect sizes for mindfulness studies, we have decided to run this study as a pilot RCT to assess the intervention's feasibility and effectiveness, as well as to provide data for establishing sample size for a definitive large RCT. The proposed sample size is in keeping with guidelines, which recommend a sample size of at least 40 for pilot studies and for effectiveness studies, 30 participants per arm of the study. 35 outcomes All outcome tools chosen for the study are valid, reliable and routinely used in the setting of IBD and chronic illness. The primary outcome measure will be the depression subscale score from the DASS. 
box 2 Exclusion criteria
► Individuals who do not have conversational or written English. ► Individuals who may have limited or no capacity for self-care. ► Individuals who have no depression or have extremely severe levels of depression (eg, associated with acute suicidal thoughts and/ or delusional beliefs and other psychotic symptoms). ► Individuals with major mental illness other than depression as its treatment and symptoms could interfere with their ability to participate in the programme (eg, current psychotic symptoms and post-traumatic stress disorder). ► Individuals with a history of or current alcohol or drug dependency. ► Individuals scheduled for major surgery in the next 3 months as this would impact on their ability to attend the programme for its entire duration. ► Individuals who have been started on antidepressants or have changed their antidepressant dose within 3 months of the study onset. ► Individuals enrolled or participating in another psychological therapy study or pharmacological study within the last 6 months or intending to participate during this study duration. ► Exacerbation of IBD symptoms (flare) as this will make it difficult for participants to attend weekly sessions and complete home practice.
Open access
DASS is a self-report instrument comprising three scales designed to measure three negative emotional sates of depression, anxiety and stress. All three scales of the DASS have been shown to have high internal consistency and meaningful discriminations in a variety of clinical and research settings. The short version, DASS 21, will be used in the study as it has shown validity comparable with the long version and will pose lesser burden to complete for the participants.
Secondary outcomes will include anxiety and stress scores on DASS, coping patterns on the brief version of coping inventory (Brief COPE 37 PTGI is a 21-item questionnaire measuring growth and positive changes following traumatic events 38 and has been identified as a validated screening tool in individuals with IBD. 39 The FFMQ is a validated screening tool assessing mindfulness as a multifaceted construct. 40 The CCKNOW, Brief IPQ and Brief COPE are short, validated questionnaires for assessing illness knowledge, perception and coping, commonly used in clinical practice and research in the IBD population.
41-43 Morisky 4-Item MAQ, SEAMS and HCEI are also brief, validated and reliable self-report questionnaires used to assess medication adherence, self-efficacy and healthcare empowerment, in IBD population. [44] [45] [46] Secondary outcomes will also include IBD activity questionnaires (Simple Clinical Colitis Activity Index [SCCAI] and Harvey-Bradshaw Index [HBI]); biological markers of inflammation, both systemic (C reactive protein [CRP] , erythrocyte sedimentation rate [ESR] and interleukin [IL]-6) and IBD-specific (faecal calprotectin and small intestinal ultrasound); microbiome analysis as it reflects IBD activity; and neuroconnectivity changes (fMRIs). We are measuring inflammation markers and neuroconnectivity as research has shown that mindfulness practices can attenuate inflammation and improve neuroconnectivity, and changes in these parameters combined with changes in psychological outcomes could contribute to explaining mindfulness mechanism of action.
Patient and public involvement
Patients' views informed the study design and they were obtained during the study conception from Mater Consumer Youth Consultancy Group members who provided feedback regarding the study. Participants' group experiences and burden of the intervention will be assessed through focus group interviews and informal feedback. Patients will not be involved in the recruitment and conduct of the study. Results from this study will be disseminated to each participant as a lay summary of the findings and through presentations at consumer consultancy forums. dIsCussIon This study is the first RCT of a mindfulness-based intervention in AYAs with IBD and depression, a vulnerable group of young patients with a high burden of IBD and significant long-term impairments in multiple areas of functioning. In keeping with research evidence of a larger treatment effect of MBCT in individuals with significant baseline depressive symptoms, the study will recruit participants with clinical diagnosis of depression.
The study will be using an adapted MBCT programme for AYAs with IBD that, if proven feasible, may become integrated into the early intervention pathways for IBD. The intervention could contribute to altering disease progression, reduce disabling symptoms and improve long-term outcomes in this group of patients.
The study will explore the feasibility of the adapted MBCT programme by recording sessions attendance, completion rates of home mindfulness practices, recruitment and attrition rates, as well as participants' MBCT group experiences assessed through focus groups. It will assess the effectiveness of the MBCT programme by measuring its impact on various psychological and physical outcomes of IBD and depression, including biological markers of inflammation and brain connectivity. The study has the potential to validate this type of intervention, improve patient outcomes in young IBD sufferers and translate this approach to other chronic illness patient groups. The inclusion of biologic measures of disease activity and functional neuroimaging will allow additional insights into the relationship between IBD and depression, and mindfulness' mechanism of action. study status An amendment to the protocol was approved in January 2018 (version 3, 18 January 2018), extending the upper age range to 29 and replacing the Hospital Anxiety and Depression Scale with the PTGI. Additional amendment to protocol was approved in October 2018 (version 4, 11 October 2018), removing the upper limit of the DASS from the inclusion criteria. The study is currently in the recruitment stage, with completion expected by the end of 2019. 
